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A logical-level data model is used to represent real-world relationships among diverse
areas of the Deep Space Network (DSN) and non-DSN areas. The possibility for reduction

of data redundancy is addressed.

l. Introduction

Section 377 (Deep Space Network Support) maintains an
operational database containing data for managing equipment
used in Deep Space Network operations. The types of data
maintained are: description, identification, location and sev-
eral kinds of status including data on failures, modifications
and shipments. During the past few years, work conducted on
the database has revealed and emphasized the existence of
relationships in the data domain among diverse elements of the
DSN and JPL.

ll. Data Relationships

This article presents a cursory analysis of some of the data
relationships that exist among various DSN (and JPL, non-
DSN) activities. The data elements used in this article are
representative of existing real-world attributes. Data element
sets, representing existing real-world entities, are presented in
this article in the form of third-normal-form relations (defined
in Ref. 1). The relations and data elements are not necessarily
used as-is in existing databases, rather the intent of these
representations is to show the existence of real relationships in
the data domain; hence the possibility for communication and
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coordination among the databases of apparently diverse
organizations. The lists of data elements and relations are not
exhaustive.

Seven separate functions in the DSN and two non-DSN
functions are represented by collections of relations to
illustrate interrelationships within and beyond the bounds of
the DSN.

Table 1 lists all the data elements used in this article and
defines each, as used in the article. Tables 2 through 10 depict
relations applicable to the functions indicated by the table
titles. Each table may be viewed as a separate, limited logical
database or the entire collection may be viewed as representa-
tive of a larger, global logical database.

Within each table can be seen one or more data elements
used repeatedly, as common keys, among the relations. These
common keys provide logical links among relations. Were these
relations properly established in a database, a user could make
use of the existence of the common keys to produce useful
information. For instance, using relations 3 and 27 with CON
NUMBER as a common key a user could determine the
location of an item of equipment with a specific JPL Property



Number or he could obtain a listing of all property-controlled
equipment at a given location.

Similar logical links exist among fables (therefore, between
JPL activities). For instance, CON NUMBER is common to
Tables 2, 6 and 7; JPL DWG is common to Tables 2,3, 7 and 4
(where DOCUMENT is equivalent to JPL DWG). As a final
example of the existence of logical links: If the relations were
integrated in a database, the location of all equipment
authorized under a given ADP (Automatic Data Processing)
Plan could be determined; using ADP ID as an access key in
relation 98; using PO NUMBER as a common key between
relations 98 and 1; using CON NUMBER as a common key
between relations 1 and 3; deriving resultant location data

from LOCATION in relation 3. Casual inspection will reveal
other, similar relationships.

lil. Redundancies

It is interesting to note the amount of redundancy that
exists throughout Tables 2 through 10. By integrating all 99 of
the relations in Tables 2 through 10, 26 duplicate relations
may be deleted. An additional 7 relations may be removed
because of the existence of multiple inferred relationships.
This amounts to approximately 33 percent reduction in
redundancy as a result of integrating the diverse data sets. This
is probably typical of the degree of reduction that could be
achieved in an actual integration.
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Table 1. Definitions of data elements used in tables 2 through 10

TATA ELEMENT NAME

IRTA ELEMENT DEFINITION

1-ACCEFTRNCE
Z-RCE DRTE
3-ALDRESE

4-RHDF 1D
S—-AFFLIC FAC
c-CHTEGORY
F—-CTE

S=-CERT ZTHTOLE
S-CERT ZUEIECT
10-COE FREC DRTE
11-COE ZHIF DRTE
Z-COE
13-C0n
14-C0ET
1S-CZE
15-DRTE FUMCTIOMAL
17-IATE
15-TELEGRTION
19-TEZCRIFTION
ZOo-DESIGN FIMIZH
Z1-DEZT FRC
ce-DIZCREFARMCY

HUMEER

-O=T
EXCEFTION
ZTATUE

ce-EC
V=B
-EC
-ECT

YRR
GRS LR N NI

© MUMEEF:

FRE FIMIZH
+ FIMIZH

- COMF DHRTE
: C EZT COMP
Z9-FAC FEC DATE
JO0-FRCILITY
41-FRIL DRTE
4o-FRIL TIME
43-1CE

34-IMHZF TRTE
45-IHEZF HUMEBER
de-IHZF ZTATUE

ORGANTIZATION
DEZIGN FINIZH

ACCERFTAMCE ZTATU:E OF ECO FIRST IMZTALLRTIOM
DATE OW WHICH FROFPERTY WAL ARCUUIRED EY IFL
ADDREE=E OF B MANUFARCTUREER

ADF FLAM ILENTIFICATIOM

FRCILITY TO WHICH AN EMNGIMEERING CHANGE I
UZRGE CATEGORY OF EQUIPMENT

CONIZAMT DEVELOPMENT ENGIMEER

EMFLOYEE @A TERIMIMG ZTHTUX

ZUBJECT IM WHICH AM EMPLOYVEE 1% CERTIFIED
DATE OH WHICH A COE REECEIVED BN ECO EIT
DRTE ON WHICH A COE EZHIFFED AN ECO EIT
COGHIZANT OFERATION: EMGIMNEEFR

DEH ERUIPMENT COMTROL NUMERER

COXT OF AN ITEM

COGHIZAMT ZUETAINIMNG EMNGINEER

DRTE OM WHICH MODIFIED EQUIFMENT I
DARTE OF AW EVENT OF COMDITION
FRCILITY TO WHICH EGUIFMENT MAINTEMRNCE 1% DELEGAHTED
DEZCRIPTION OF AM ITEM

DATE THRT ECO DEZIGH IZ FINIZHED

FRCILITY TO WHICH AM ITEM IX BEIMG ZHIFPED
DIZCEEPANCY DIZCOVERED DURIMNG INIZFECTION

FINAL DIZPOXITIOM OF MATERIAL AFTER IMSPECTIOMN
COMTROLLIMG IDEMTIFICATION OF A DOCUMEMT

DARTE OM WHICH AM EYENT GF CONDITION I= DUE

EZTIMATED TOTRL CO=T TO IMPLEMENT AN ECO

ECEFPTION TO AM ECC FIRST IMETHLLATION
EC ZTATUEZ OF AM ITEM OF EGQUIPMENT
EMGIMEERIME CHRMGE IMZTRUCTION
EMGINEERIME CHRMGE ORDER

EMNSIMEERING CHRAMGE RECUEET

4FL EMFLOYEE MHUMEER

MOMERIC DIVIZIOM-SECTICHM IDENTIFIER
EZTIMATED ECO DE=IGH FIMI:H DRTE
ESTIMRTED ECO FRERICARTION FIMIZH DRTE
DATE THART ECO FRERICATION I: FIMIZHED
DRTE OF ECO COMPLETION AT A FACILITY
EZTIMRTED DATE OF ECO COMPLETION RT H
DRTE OF ECO KIT RECEIFT RT A FRCILITY
IizM OFERATIOMARL OF ZUFFORT FRCILITY
DRTE OF EQUIPMEMT FRILURE

TIME OF ERUIPMEMT FRILURE
IMFLEMENMTATION COORLDINATION ENGIMEER
DATE OM WHICH PM IMNZFECTION WARZ COMFLETED

UHIQUE NUMBER RESIGMED 7O AN INEFECTION ACTIVITY
STATUE OF AM IMZPECTIOM

FFFLICRHELE

FUMCTIOMAL

FRCILITY




Table 1 {contd)

47-IHZF TYPE
42-TZZUE UMIT
49~ JPL WG
S D-LANGURGE
S1-LERD TIME
S&-LOCATION
SZ~MA MAME
S4—MFR
SS-MOLEL
S&—NAME
S7-NOMENCLATURE
E-NSE
~MIN
o-OFTAT
&1 -OWHER
E2-FART HUMEER
£2-FO HUMEER
E4-FRIORITY
£S~FPOCEDURE
£E-FROGRAM
57 —FROJECT
5-FROF HUMEEF
D-GLHNTITY
n-FACK
1-FEC DATE
F2-REF DES
73-FEFER 10O
T4-RELERZE DRTE
TS-REFAIR TIME
rE-FED COMP TRTE
~REYIZIGH
E-3CCE
ZERIAL NUMEER
ZERMICE DATE
SERYICE FAL

Lﬂ -
]_( 0

|T

. IT'. g

e
-
T
-
T
-

HIF DRTE

TEN MAME
1 TEM

S92-TH E=CEFTION
SE-ThH =TARTUE
S4-TEET TIME
FS-TITLE
PE-YENDIOR

SERWICE INTERWHL

TYFE OF IMIFECTICN

UHIT OF IZZUE FROM SUFPPLY

JPL DRAWIMG HUMEEF

MAME OF A PEOGFAMMING LANGUARGE

LERD TIME FOR RECEIFT 0OF MATERIAL AFTER ORDEER

LEN OFERATIONAL OR SUFPORT FROILITY

MAME OF A MAJOR HAZZEMELY

MAHUFRCTUIRER

MODEL IDEMTIFICATION

HRAME OF A MRNUFRACTLURER

DEZCRIFTIVE EGLIFMENT MAME

HETWORKE =YITEME EMNGINEER

HATIOWARL =TOCK MUMEER

OFEFATIONAL ZTRTU:E OF EQUIFMENT

FRCILITY 7O WHICH EQUIFMENT IT REZIGNEL
MAMUFARCTURER = FRRET HUMEER

FURCHAZE ORDER NUMEBER

FREIORITY OF AN ENGINEERIMG CHHMGE AZZEZEIMEMNT
COMTROLLING IDEMTIFICATION OF B FROCEDURE

COMTROLLIMG IDEMTIFICATION OF R COMPUTER PROGREAM

FLIGHT FROJELCT

JFL FECFERETY HMUMEER

GUAMTITY OF ZFREE: REQUIRELD

TUBEYETEM RACK IDEMTIFIEFR

DRTE OF RECEIFT AT A FRCILITY

ZUEBEYETEM REFERENCE DEZIGHRTOR

FRETY TO WHICH AN ECE 1% FEFERRED FOR FEYIEW
LIOCUMENT OF FROGREAM RELERZE DARTE

TIME EFPENDED IMN FEFAIRING AN ITEM
FEQUIFRED COMPLETIOM DATE

FEVWIZION LETTER OF A JFL DRERAMING

EYETEM COGHIZAMT CFERATICOHE EMGINEER
MAMUFARCTURER "% EQUIFMENT ZERIHL MUMEER
IRTE CM WHICH EQUIPMENT WARZ ZERVICED
FRCILITY THRT FERFORMED ZERVICE OM ECIIFMENT
FREZCRIEBED TIME IMTERWRL BETWEEN ZERVICE:
DARTE OF ZHIFPMENT

FHFILITI THAT =HIFFED AM ITEM

"=TEM HAME

AN TEM EMIMEER

2 "ETEM-MAOR RZZEMELY COLDE

'THTIDH DIRECTDR

UEEYETEM CODE

TEM HAME

Z7YETEM CODE

TEAMZFER AGREEMENT EXCEFTICH

TEANZFER RGREEMENT ZTHTUE

TIME E<FENDED IM TEZTIMG: AN ITEM

TITLE OF A DOCUMENT OR COMPUTER PROGRAM
HAME OF AN EQUIFMEMT VYENDOR
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Table 2. Examples of relations pertinent to DSN operations

FELATION MAME IATA ELEMENTZ

o RCEUTEITION CCOH MUMEER SCOET »FO MUMEBER «ACE DATE »

J DEZIGHED CRFACILITY s ZZMARACE «REF DEZ sMIH

* AEREIGHMENT CEON HUMEER «OWMMER SLOCATIONSOFZTHT «REC TRTE S
» CDE CZEMRASCDE

» COE MP sCDE &

D81 I SO O

CEE MASCZE S

DELEGATION CHENSZERVICE INTERYAL »DELEGATIOM FROCEDURE @

IEZCRIFTION CCOM MNUMEBER «MEN>CRTEGORY »

EC AFFLICHEILITY CECOYARFLIC FACSZIMASRER COMP DRTE:

10 BEC ZOET EZT CECOSEC COET?

EC DEZCRIFTION CECRSDEZCEIFTION:

123 EC E=CEFTION CECOSFACILITY «EC EXCEPTIOM?

3 EC FROCEDURE CECOsFPROCEDLRE »

ECI CECI 2 dFPL DLiG 2

ECO Duhs CECG s JPL Dibiz)

ECO ECI CECOSECT 2

ECO MILEZTOMES TECOSCOE REC DATESCOE ZHIP DATESDEST FRARLCFAL FEC
DATE FAC EZT COMFSDATE FUMCTIONAL sFAC COMP DRTEX

ECO EQUIFMENT CCOM HUMEER CECOSEC STRTUZ»

ECF OFEHN CECK «sDATE sFRIORITY

EMFROUTE CCOM MUMEBER «ZHIF DRATESSHIFP FRCDEST FACY

FRILLFE CCOM HUMEER sFRIL DATEFAIL TIMESFRACILITY:

FIFRZT IMZT CECOSTATE sRCCEFTHRNCE 2

IMFLEMENTARTION EMG CFARCILITYSICE?

MAJOF HEZEMELY ID CITEMASMA MAME »

MAMLUFRCTURER CHMFR sMAME «ADDRESE 2

M=ZM CHEMaMFR «MODEL « JFL Tibliz 2

FROFERTY cCOM HUMEBER «FROF MUMEER

FEFER ELCF cECESFEFER TO?

ZERVICE DE CCON HUMEBER SDIME DRTE X

SERNVICE HIZTORY CCOM MUMEBER »ZERVICE DATESZERVICE FRCSTEST TIMES
FEFRIFR TIME:

1» ZFPAREZ RER CHEM SGUAMTITY §

E CEZUBZYETEM =
HTION DRIRECTOR CILITY
"ZT COORD

LY I B a o)

-
[y

155

H ZTHTUE
ITEM LCGE
=VETEM EMGINEER
FEOEYETEM ID
40y TR EXCEFTIONE )
413 TR ZTATLE .

VIYITEM MAME 3
MR TR EXCEFTIONS
CTIMASFRCILITY s TH STRTUT
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Table 3. Examples of relations pertinent to DSN engineering change management

FRELRTION MAME IATA ELEMENTZ

4o EC APPLICAEILITY CECOsAFFLIC FAC»ZEMASRER COMF DATE:
+ EC COET EZT CECOSEC COZT:
44 EC DESCEIPTION CECRSPROJECT »TEZCRIFTIONRER COMP DARTE
» EC EXCERTIONS CECOSFRCILITYSEC EXCERTIOM?
+ ECO MILEZTOME TECOsCOE FEC DATESCOE SHIF LATEZDEST FRCsFAC FEC DRTE s
FARZ EZT COMFDATE FUMCTIOMAL sFAC COMF DATE
47 EC FROCEDURE CECOSFROCEDURE >
»EC EUEEYVETEM CECE sZUBEYETEM Y
ECI CECT »JFL DG

S0 ECO Dl CECOsJPL DG
5 ECO ECI CECOSECT

ECO KIT CECO-DEZIGN FIMIZHSFAE FIMIZH>
ECE OFEN CECR sDRATESPRIORITY 2
FIRET IM:ET CECOSDATE sRCCERPTANCE »

» ECO FORECRZT CECOSEEZT DEZIGH FIMIZHSEST FHE FIMIZH>
« FEFER ECE CECKsFEFER TO»

(LA | I O P I R A (B v

AN e n

Table 4. Examples of relations pertinent to DSN maintenance
and operation documentation

FELATION HAME DATR ELEMEMTS

CO=T CODOCUMENT s RENV IS IOMCOZT
FELERZIE LATE CDOCUMENT «REVIZION -RELEASE LRTE:
TITLE CDOCUMENT «TITLE

Table 5. Examples of relations pertinent to the DSN
program library

FELATION MAME DATH ELEMEMTE

01 AFFLICABILITY CRROGRAM «ZZMA >

12 PROSEAM IL CEROGREAM sLANGLAGE s TITLE &
£ RELERZE DRTE CFREOGEAM «RELERZE DRTE:
£3y TR ZTATUE CPREOGEAM < TR ZTATLZ «DRTE
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Table 6. Examples of relations pertinent to DSN logistics

FELATION NAME DRTH ELEMEMTE

CazT CHINSCOET S
IDEMTIFICRTION CHEIMSMFE SMODEL sPRRT HUMEER s NOMEMCLATURE

[ns
[ I O8N

ot et M e vt et

X 0

& LERD TIME CHEMSLERD TIME?

&7 LOCATION CCOM MUMEER SLCCATION
eS8 ZERVICE DELEGARTIOM <MIM.DELEGRATIOM:

9y Z0OURCE CHEMSYENDOR

~J i

UNIT OF IZEUE CHENSITEZZUE UNITH

Table 7. Examples of relations pertinent to DSN workmanship assurance

FELATION HAME IATR ELEMENTS

» DIEZCREPANCY CIMEZF MUMEER »LIZCEEFAMNCY »

2 ECO IMZPECTION CIMEF MUMEER ECOSINZF ZTATUS:

EMF CERT :ZTRTUE CEMF HUMEERSCERT SZTATUZ «CERT ZUEJECT?

ERQLIPMENT ID LCON HUMEER «MFR «MODEL s MOMENCLRTURE s ZERIAL MUMEER
ECQLIFMEMT Dl CCOM MUMEBER s JFL TG

IMZFECT DATE CIMEF HUMEER SDISFOSITIOMSLRTE

INZFECT IONM CCOM HUMEER »IMEZF DRTE sLOCRTIOM s INZF MUMEER S IMSF TYFED
ZUEEYETEM AFFLIC CINZF MUMBER «ZUESYWITEM?

[n AT B S W

md g g

=
o

Table 8. Examples of relations pertinent to DSN subsystem
status and assignments

FELATION MAME IHRTR ELEMENTE

ZEMASCDE 2
MA . COE »
ACILITY »ICED
MA MR MAME

TRTIOM LIRECTOR
LEBEIVETEM ID

TR EZTRTUZ: !
Em COE .
EM EMSIMEEFR y

TADIR
EYIZTEMZS MHAME S
TEM«TH ZTATUZ
TEMEZCOE»

TEM» *

TZTEM MAME »
MASTR ExCEFPTIOMN:
MASFRCILITY A TR ZTARTUE

ZYETEM 1D
03 TH ESCEFTIONS
Sl TR ZTATLZ
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Table 9. Examples of relations pertinent to JPL property control

FELATIOM HAME IATH ELEMENTZ
r HCQUTEITION CPREOF NUMEBER SCOST «ACE DATE »FO HUMEER D
$3r EMF REZPONZIERILITY CFROF HUMEER +EMF MUMEER?
4 EMFLOYEE OFG CEMF MUMEER SEMF ORGAMIZATION
95y EQUIF ZERIAL CEROFP MUMBER sSERIAL MUMEER D
Qe EQUIPMENT I CFROFP MUMEER »MFR sMODEL sNOMENCLATURE »
D70 LOCATION CFROP MUMEER «LOCATION?

Table 10. Examples of relations pertinent to the management of automatic data processing equipment

FRELATIGN MAME IRTA ELEMENTZ

ADF FLAM CHDF IDsFO MUMEER D
LGCRTION CFO MHUMEER sPROP NUMEER «MFR «MODEL »LOCKTIOM?
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